A neurological syndrome in dairy cattle associated with consumption of moldy beer residues is described. The disease occurred on 1 farm in late June 2001, during winter. Six heifers and 1 cow out of 45 cattle were affected during a 3-week period. The affected animals died spontaneously or were euthanized approximately 2-14 days after the onset of clinical signs. The clinical signs were characterized by flaccid paralysis and gait abnormalities. Clinical signs were more pronounced after exercise and included stiff and unsteady gait, knuckling at the fetlocks of the hind limbs, frequent falling, inability to rise, muscular tremors, especially of the head and the hindquarters, and drooling. Main necropsy findings included degenerative and necrotic changes of the larger medial muscle groups of the hindquarters, i.e., adductor, pectineus, quadriceps femoris, rectus femuris, sartorius, semimembranosus, semitendinosus, and vastus medialis, and of the forequarters, including pectoralis descendens, pectoralis ascendens, and transversus pectoralis. The main histologic findings consisted of degenerative and necrotic neuronal changes (chromatolysis) of varying severity and extent affecting selected nuclei of the brainstem and neurons of the ventral horns of the spinal cord. Similar microscopic lesions were observed in the neurons of the spinal cord of 1 experimental sheep force-fed for 35 days with 1 kg/day of the same batch of foodstuff that was originally fed to the cattle. Coarse white or gray lumps, interpreted as mycelia, were observed in the beer by-product. Aspergillus clavatus was the dominant fungus isolated. Deaths ceased after the consumption of beer residue was discontinued. Recovery from illness was observed in 1 animal. The diagnosis was based on epidemiological data, clinical signs, necropsy findings, histological lesions, dosing trial, and mycology. A similar condition caused by consumption of barley byproducts, sprouted wheat, corn sprouts, and beetroot screenings contaminated with A. clavatus has been reported in cattle and sheep worldwide.
Barley-based feeds have been commonly implicated in the occurrence of metabolic disorders in cattle such as ruminal lactic acidosis and laminitis because these feedstuffs have a relatively rapid fermentation rate. 20 In addition, malting by-products from brewing and distilling industries have been associated with a tremorgenic syndrome in cattle and sheep. 10, 12 Sorghum beer residues, sprouted wheat, corn sprouts, 10, 12 and beetroot by-products 21 also have been reported to cause a similar neurological condition in ruminants. There are reports of sporadic outbreaks of this nervous disorder worldwide. 7, 10, 12, 14, 16, 21, 24, 27, 30 These episodes have been linked to contamination of foodstuffs by toxic strains of Aspergillus clavatus because in these outbreaks saprophytic fungus or its mycotoxins (or both) have been frequently isolated from feed supplements. 10, 12 From the Section of Veterinary Pathology (Loretti, Colodel, Driemeier, Corrêa) and the Section of Mycology (Ferreiro), Department of Veterinary Clinical Pathology, and the Department of Animal Medicine (Bangel), Faculty of Veterinary Medicine, Federal University of Rio Grande do Sul (UFRGS), Av. Bento Gonçalves, nЊ9090, Bairro Agronomia, Cx. P.15094, Porto Alegre, RS, Brazil CEP 91540-000.
Aspergillus clavatus is known to produce several toxic metabolites that are selectively neurotoxic to animals and human beings. 12 These mycotoxins are referred to as tremorgenic metabolites, and patulin is the most frequent mold metabolite isolated from contaminated foodstuffs. Other neuromycotoxins produced by A. clavatus include tryptoquivaline, tryptoquivalone, nortryptoquivalone, cythochalasin E, cythochalasin K, escladiol, and clavatol. 7, 12, 17 However, in many instances, efforts to demonstrate the presence of the fungus in foodstuffs were unsuccessful, and attempts to isolate tremorgenic mycotoxins from food supplements have failed or have not been made. 10, 12 It is worth mentioning that patulin is a mycotoxin synthesized by many fungi other than A. clavatus. Patulin is reported to be produced by molds belonging to several genera, including Aspergillus, Byssochlamys, Gymnoascus, Paecilomyces, and Penicillium. 10, 12, 29 Aspergillus clavatus poisoning in livestock linked to consumption of contaminated foodstuffs has been included in the group of acquired tremorgenic syndromes associated with ingestion of biologic tremorgens of fungal or plant origin. 13, 14, 27 The clinical signs of neuromycotoxicosis produced by the toxins of A. clavatus are characterized by muscle tremors, hypersensivity, salivation, paresis, and progressive paralysis. 12 This condition has been reproduced successfully in different species by different methods. 4, 7, 13, 14, 21, 24, 25 Human health hazards of A. clavatus and its secondary metabolites have been reported extensively. Patulinproducing strains of A. clavatus have been identified in many agricultural products or tropical crops. 18 This saprophytic fungus also has been isolated from sorghum beer, a mildly intoxicating drink consumed by people in South Africa, 12 and from rice. 2 In addition, an extrinsic allergic alveolitis of human beings, known as malt worker's lung, is caused by inhalation of aerosolized spores of A. clavatus formed on germinated grain on commercial malting floors. 17 Patulin-producing fungi such as A. clavatus can occur in many molding fruits, grains, and other foods. Major sources of this mycotoxin include fruits such as apples with soft brown rot and fresh fruit juices. 23 Studies on the incidence of patulin and patulin-producing fungi in sound fruits and processed fruit juices produced and marketed in Brazil have been carried out by numerous research groups. 3 However, neurological disease in cattle associated with consumption of barley-based foodstuffs contaminated with toxigenic strains of A. clavatus has been reported infrequently in this country. In one occasion a nervous disorder was described in Brazilian dairy cattle fed rations based on moldy hydroponic barley. Aspergillus clavatus was cultured and patulin isolated from samples of that foodstuff (Instituto Biológico, SP, Brazil, online technical bulletin, http://www.geocities.com/esabio.geo/fungos/fungos2. htm, 1999). The epidemiology and the clinical and pathological aspects of this condition are poorly defined. Relevant data concerning the local climatic conditions that favor massive fungal proliferation on suitable substrate and influence the production of tremorgenic mycotoxins on beer residues are not available. The incidence and economic impact of this disorder in cattle and the risks of feeding malting by-products to dairy herds worldwide remain to be determined.
The purpose of the present study is to report the epidemiology and the clinicopathologic findings of a neurological disorder affecting dairy cattle in southern Brazil that is associated with consumption of beer residues contaminated with A. clavatus. The epidemiology and the clinical and pathological aspects of the toxicosis are discussed and compared with other reports of a similar neurological syndrome associated with foodstuffs contaminated with A. clavatus. In addition, the morphology and pathogenesis of the neuron lesions in this neuromycotoxicosis are briefly discussed. A number of conditions that should be includ-ed in the differential diagnosis of this neurological disorder in cattle are addressed.
Materials and methods
Case history. The disease occurred on a farm in the county of Glorinha, state of Rio Grande do Sul, southern Brazil, in late June 2001. Information regarding signalment, history, clinical findings, and nutritional management was retrieved from the staff and the owner of the establishment where the outbreak of poisoning occurred. The herd was composed of 45 dairy cattle comprising heifers aged 1.5-2 yr and adult cows. Of these, 14 were lactating cows. The animals grazed on native grass-type pasture and had access to supplementary ration composed of grain products, i.e., soybean, corn, sorghum, and beer residue. The beer residue was purchased from a nearby malting and brewing plant. Each yearling heifer received 4-8 kg of the beer by-product daily, whereas 15 kg was eaten by each adult cow per day. The heifers had access to the supplementary ration when they were housed together in pens made from wood. Beer residues had been fed successfully for approximately 15 yr on the farm. Nervous disorders similar to the neuromycotoxicosis described here had not been recorded during that period. The beer byproduct was stocked in piles on the floor of a small room and was gradually incorporated into the ration. The room where the residue was piled had brick walls, and the floor and the ceiling were made of concrete. There were 2 wide open entrances, one in the front and the other at the back of the room, that exposed the stored foodstuff to adverse weather conditions. According to local meteorological records, climatic conditions on that occasion (June 2001, winter, Southern Hemisphere) included temperatures varying between 10 C and 20 C, with strong and cold winds, heavy rains, and daily precipitations of 120-191 mm. The old foodstuff was usually removed from the outer layers of the pile of beer residue. A heap of moldy beer screenings was progressively formed on one side of the original pile. All the residue was fed to the cattle, and nothing was discarded on account of the mold. The moldy residue from the heaps of old screenings was given preferentially to the heifers.
Pathology. Two recumbent cows humanely killed in extremis by intravenous overdose of pentobarbitone and a cow that died spontaneously were necropsied. The central nervous system, skeletal muscles of the hind-and forequarters, and sections of several organs, including the liver, lungs, kidneys, spleen, heart, adrenal glands, esophagus, forestomachs, abomasum, small and large intestines, and costochondral junction, were fixed in 10% neutral buffered formalin, embedded in paraffin wax, sectioned at 5 m, and stained with hematoxylin and eosin (HE) by routine processing methods. Major representative areas from each brain, including the cerebral cortex, thalamus, geniculate bodies, midbrain, medulla oblongata, pons, and cerebellar peduncles, the gasserian ganglia, and multiple transversal sections of the spinal cord, were examined. Samples were collected from the muscles adductor, biceps brachii, biceps femoris, diaphragmaticus, intercostales, longissimus dorsi, pectineus, pectoralis descendens, pectoralis ascendens, psoas major, quadriceps femoris, rectus femuris, sartorius, semimembra-nosus, semitendinosus, transversus pectoralis, and vastus medialis. Skeletal muscles sampled at necropsy shortly after death were left in the refrigerator at 4 C for 24-48 hr before fixation to avoid contraction artifacts.
In addition, an immunohistochemical technique was performed using a monoclonal antibody to detect and localize a conserved epitope (IHPG, ile-his-phe-gly) on the prion protein (PrP) in brain tissue. a The immunohistochemical procedures were carried out as previously described. 19 A streptavidin-peroxidase complex kit was used as the immunohistochemistry detection system. b Laboratory findings. Blood samples from 2 recumbent cows were collected before euthanasia, and a biochemical profile was performed to assess creatine kinase (CK) activity. c Samples of ruminal contents and samples of the brain, liver, and kidney were collected and kept refrigerated or frozen for future testing.
Mycology. Samples of the moldy beer residue fed to the cattle were collected and examined for presence of fungi. Particles from the coarse white or gray lumps detected on gross inspection of the contaminated foodstuff were preferentially selected for mycological culture. Samples were incubated at 27 C on Sabourand's dextrose agar d containing chloramphenicol. Neither the samples of beer residue nor the isolated fungus were submitted to toxicological analysis because that chemical assay was not readily available for diagnostic purposes in local laboratories.
Dosing trials. Samples of the beer residue fed to the cattle were collected during the visit to the establishment where the outbreak occurred and were fed orally to an adult sheep in daily doses of 37 g/kg for 35 days. The daily dose was extrapolated from the previous published information about experimental studies on A. clavatus neuromycotoxicosis in ruminants. 7, 13, 14 The moldy foodstuff from the original outbreak was stocked in large plastic storage containers. The animal was euthanized and necropsied immediately after the dosing period. Euthanasia was carried out by intravenous injection of an overdose of pentobarbitone sodium. The entire central and peripheral nervous systems (brain, spinal cord, gasserian ganglia, and spinal nerves and ganglia) and sections from all major organs and selected skeletal muscles were fixed in 10% neutral buffered formalin and embedded in paraffin wax. Serial sections from the aforementioned areas of the brain and multiple transversal and longitudinal sections of the spinal cord were examined microscopically. The same set of selected skeletal muscle samples collected in the spontaneous cases were similarly sampled for histology in the experimental animal. The sections were stained with HE.
Results

Clinical course
The clinical signs of the affected cattle fed beer residue were characterized mainly by flaccid paralysis and gait abnormalities. Clinical signs in 7 affected cattle included instability, weakness, wide-based stance, and hind limb paresis or paralysis and inability to rise. The animals were unwilling to move and had an unsteady, uncoordinated, and stiff gait. The affected an-imals were apparently normal at rest and usually displayed more obvious clinical signs when handled. Muscular tremors usually became more evident with stimulation. When the animals were exercised or forced to move, their hindquarters trembled, and they took short steps, knuckling over the fetlocks of the hind limbs. The affected animals frequently fell to the ground into sternal recumbency with legs abnormally positioned, e.g., backward extension of the hind legs or assuming a sitting-dog position. Attempts to rise were unsuccessful at that time. After a short rest, some individuals were able to walk normally. The affected cattle were apparently alert, including those in permanent sternal recumbency. No loss of appetite was observed. Three animals were found in permanent recumbency at the time of the first visit to the farm, approximately 1 week after onset of clinical signs. In addition, fine and slight head tremors, drooling, and total loss of spinal reflexes were observed in 1 animal. In the terminal stages there was permanent sternal or lateral recumbency with paddling. The clinical course of the disease varied from 2-3 days to 2 weeks. Six heifers and 1 cow out of the 45 animals died spontaneously or were humanely euthanized in extremis. Deaths occurred during a 3-week period. Recovery was observed in 1 animal. Deaths stopped after the feeding of beer residue was discontinued.
Pathology
Gross lesions. Significant gross lesions in 3 necropsied animals consisted of focal to extensive, pale foci of degeneration and necrosis of the larger skeletal muscles of the medial aspect of the front and hind limbs (Fig. 1 ). The affected muscles of the forequarters included pectoralis descendens, pectoralis ascendens, and transversus pectoralis. In the hindquarters the affected muscles included adductor, pectineus, quadriceps femoris, rectus femuris, sartorius, semimembranosus, semitendinosus, and vastus medialis. No significant gross lesions were observed in 1 animal.
Histopathology. Light microscopic findings included degenerative and necrotic changes in the neurons of the midbrain, medulla oblongata, pons, and ventral horns of the spinal cord. Selected groups of larger neurons from numerous nuclei of the brainstem and the spinal cord were affected. Individual neurons in different stages of chromatolysis were observed (Fig. 2) . The lesions were either unilateral or bilaterally symmetrical. Histologic lesions consisted of central chromatolysis characterized by loss of Nissl substance and cytoplasmic pallor with cell swelling. In some sections chromatolytic changes were accompanied by pyknosis or nuclear loss. The cytoplasm of the affected neurons was occasionally shrunken and intensively eosinophilic, pale, or vacuolated with abundant and multiple vac- (Fig. 3) . The severity and extent of the microscopic lesions were variable. Neurons in the cerebral and cerebellar cortices were not affected. Unilateral white matter vacuolation of the midbrain was observed in 1 animal (Fig.  4 ). This lesion consisted of vacuoles of varying sizes and was present near the affected nuclei of the brainstem. Immunohistochemistry for PrP was consistently negative. No microscopic changes were observed in the white matter of the spinal cord. Other microscopic lesions included focal degeneration and necrosis of selected skeletal muscles of the limbs accompanied by dystrophic calcification.
Laboratory findings
One moribund cow had increased CK activity (2,818 units/liter, reference laboratory value: 35-280). 20 Another moribund cow had CK activity within the normal ranges (209 units/liter).
Mycology
On gross inspection of the beer residue, coarse, white or gray lumps were observed at the surface of the old beer by-product fed to the cattle. The lumps of beer residue were interpreted as mycelia formed during fungus proliferation. The lumps were more evident in the heap of old beer residue formed from the outer layers of the original pile of foodstuff. Pure cul-tures of A. clavatus were obtained from samples of the lumps. Colonies were blue-green to gray-green in color or reverse uncolored and had a granular texture and a flat topography. Microscopic characters of the cultured fungus included large, smooth, and colorless conidiophores with short phialides covering the entire surface of the hyaline, elongated, and clavate-shaped vesicles. Conidia were ellipsoidal, smooth-walled, and blue-green to gray-green in color.
Dosing trials
No clinical signs were observed in the experimental sheep. Similarly, necropsy of this animal revealed no significant gross changes. Histologically, degenerative and necrotic changes were confined to the larger neurons of the gray matter of the spinal cord. Both the dorsal and the ventral horns of the cervical, thoracic, and lumbar segments of the spinal cord were affected, but those lesions were not consistently observed in all the examined slides of the experimental animal. The microscopic lesions observed in the sheep were similar in appearance and severity to those found in cattle. No microscopic changes were seen in the white matter of the spinal cord. The beer residue was discarded by a worker from the staff of the establishment where the outbreak occurred because the moldy foodstuff was incriminated as the cause of illness and death of the cattle. Therefore, the experimental study was abruptly discontinued after 35 days, when the beer residue collected during the visit to that farm was finished.
Discussion
In the present report the diagnosis of a neurological syndrome in dairy cattle associated with consumption of beer residues contaminated with A. clavatus was based on epidemiological data, clinical signs, necropsy findings, histological lesions, and mycology. The diagnosis was aided by experimental reproduction of the histological lesions of this neuromycotoxicosis in the sheep. The experimental study was affected by the premature disposal of the moldy feed on the farm. The clinical picture and the morphology of the neuron lesions in the outbreak under study are similar to other reports of neuromycotoxicosis in cattle and sheep associated with consumption of foodstuffs contaminated by toxic strains of A. clavatus. 7, 13, 14, 26, 30 It should be emphasized that an isolate of A. clavatus obtained from moldy barley screenings cannot definitely incriminate this fungus as the causal agent of the disease. Mycology alone is usually not sufficient as a diagnostic test for mycotoxicoses. 10 Additional studies in toxicology using different techniques, e.g., extraction and detection of mycotoxins by thin-layer chromatography (TLC) or high-performance liquid chromatography (HPLC), 17 should be conducted to strengthen the etiological diagnosis of the condition. Evidence of mold growth from samples of foodstuff does not necessarily mean that the product is toxic because the fungus involved may not be toxigenic. 10 The toxicity of the isolated fungus should be assessed to show convincing evidence of a link between A. clavatus and the occurrence of neuromycotoxicosis in cattle. Feed that is not visibly moldy to the naked eye also may contain sufficient amounts of mycotoxins to cause poisoning. 10 In the present report many circumstances involved in the occurrence of the neurological syndrome in cattle remain to be clarified, especially with respect to microbiological and toxicological issues. It is widely known that the occurrence of mycotoxicoses in livestock associated with consumption of moldy forages and other spoiled supplemental foodstuffs depends on specific environmental requirements. Environmental factors influencing mycotoxin formation include 1) the presence of a toxic strain of fungus that produces increased mycotoxin yields; 2) a suitable substrate with plenty of nutrients in which the fungus can grow; 3) atmospheric conditions that are favorable for both growth and toxin production of fungi, e.g., temperature, moisture, drought stress; and 4) miscellaneous factors such as pH, interactions between microorganisms, water activities supporting the growth of fungi, and mycotoxin production. 14, 18 The interactions among these factors are often more important than the expected influence of any single factor. 18 There are few published reports of the effect of temperature and other parameters on production of tremorgenic mycotoxins by A. clavatus. In the outbreak reported here, the above environmental conditions were not ideally met on other occasions, and therefore the disease did not ensue. Alternatively, other outbreaks of this neuromycotoxicosis in livestock may have gone undetected or misdiagnosed in the past because a number of nervous, neuromuscular, or muscular diseases of various etiologies affecting cattle and usually occurring as outbreaks present similar clinical pictures or morphological changes (or both). These include 1) infectious encephalitides, e.g., rabies; 2) poisonous plants and other toxicants, and nutritional deficiencies that affect the muscular system, e.g., Senna (Cassia) occidentallis poisoning (coffe senna), gossypol toxicosis, ionophore toxicosis, nutritional myopathy (white muscle disease due to vitamin E and selenium deficiency); 3) mycotoxic tremorgenic syndromes, e.g., Claviceps paspali poisoning (Paspalum staggers), Dyplodia maydis poisoning; 4) toxic grasses that cause nervous disturbances, e.g., Cynodon dactylon (Bermuda grass), Lolium perenne (perennial ryegrass), Phalaris spp. (canary grass); 5) miscellaneous toxicoses such as lead poisoning (plumbism), chronic organic mercurial poisoning, organophosphate intoxication (organophosphorus compound and carbamate toxicoses), and insecticide poisoning, e.g., chlorinated hydrocarbons (organochlorides); and 6) diseases that cause diffuse neuromuscular weakness, e.g., botulism. It is noteworthy that cattle can acquire botulism from diverse sources including brewer's grain. 22 Malt is a suitable substrate for the growth of A. clavatus 17 and Clostridium botulinum. 22 Therefore, both these agents should be considered in the investigation of outbreaks of nervous disorders in cattle associated with ingestion of spoiled beer by-products.
Temperature has a major influence on the growth and activity of fungi. Optimal growth temperatures for isolates of mycotoxin-producing strains of A. clavatus lie between 10 C and 37 C. 2, 18, 28 More uniform and abundant growth of A. clavatus in barley kernels has been observed at the optimal temperature of 25 C. 17 The growth of this fungus predominates over that of other fungi during malting, particularly at malting temperatures higher than 13-16 C, and is also markedly enhanced when the ambient temperature is raised from 16-20 C to 25 C with 40% humidity. 25, 26 Massive production of tremorgens by A. clavatus occurs at temperatures above 24 C. 2, 25, 28 In the present study climatic conditions on the occasion of the occurrence of the outbreak included temperatures within the aforementioned values suitable for the growth of A. clavatus in an adequate substrate, i.e., beer residue.
Beer residues from malting and brewing factories are widely used for dairy cattle feeding in southern Brazil. However, only cattle from the farm where the outbreak of poisoning occurred were affected by A. clavatus neuromycotoxicosis, and only on that particular occasion. The outbreak described here occurred after approximately 15 years of successful use of beer residue as a supplemental feed for dairy herds in that establishment and also in many farms situated in the southern region of the country. The way the beer residue was handled at the time of the outbreak was different from previous years. In previous years the old beer by-product was not offered to cattle. This old foodstuff was discarded immediately, and a new batch of beer by-products was introduced into the supplementary ration. On the other hand, at the time of the outbreak, all the residue, including the old and spoiled foodstuff, was fed to the cattle, and nothing was discarded on account of the mold. The moldy residue from the heaps of old screenings was given preferentially to heifers. Therefore, the particular way in which these screenings were handled at the time of the outbreak could have played a role in the occurrence of mycotoxicosis. The moldy batches of beer residue, periodically removed from the outer layers of the pile of foodstuff and given preferentially to heifers, possibly accumulated a highly toxic and almost pure culture of A. clavatus. In addition, the beer residue stocked in piles on the floor of the establishment tended to get considerably heated at the core of the batch because it was biologically active, and this could have stimulated the growth of toxic strains of A. clavatus on the outer layers of the foodstuff. It is also possible that gradual ingestion of small amounts of neurotoxic metabolites from A. clavatus for a prolonged period of time caused the neurological syndrome. Experimental studies in cattle and sheep revealed that the mycotoxins produced by this fungus probably have a cumulative effect because repeated doses given for a prolonged period of time are necessary to induce clinical disease or histological lesions (or both). 7, 13, 14 The dosing trial in which 1 experimental sheep was dosed for approximately 1 month with the entire moldy beer residue from the original outbreak provides additional evidence in support of this theory, although only spinal neuropathology was reproduced. Similar findings were reported in a previous experiment in which malt culms contaminated with A. clavatus were fed to lambs for 5 weeks, and only cerebrospinal degenerative changes were observed. 7 There is a wide range of toxic and nontoxic strains of A. clavatus and other species of fungi that can infect beer by-products at different stages, i.e., from malting of barley to stocking and piling of foodstuff at the farm, because this cosmopolitan saprophytic fungus is found in seeds and other stored products and also in the environment, e.g., on soil, manure, and decaying plant material. 7, 17, 25, 26 Information about the conditions for mycotoxin production by this fungus is lacking. Identification of mycotoxins in suspected foodstuffs has been done only sporadically in the study of outbreaks of A. clavatus toxicosis in cattle. 14, 21 In addition, there are a few reports of A. clavatus poisoning associated with consumption of beer residues in which the source of fungal contamination was carefully scrutinized. In the outbreak reported here, it cannot be determined exactly in which stage contamination of the beer residues occurred because only the screenings collected from the farm were submitted for microbiological analysis.
The pathogenetic mechanisms involved in many nervous diseases of toxic etiology affecting livestock have already been clarified and the bio-or mycotoxins isolated and characterized. 10, 12 However, many aspects of the pathogenesis of neuromycotoxicosis associated with A. clavatus-infected screenings remain to be determined, and its secondary metabolites need to be fully characterized. There is no irrefutable evidence indicating which mycotoxin or mycotoxins are responsible for this neuromycotoxicosis. Experimental trials with patulin-producing strains of Penicillium patulum in laboratory animals revealed the neurotoxic effect of this mycotoxin. 4 Neurological signs could be attributed to the inhibitory action of patulin on acetylcholinesterase and to Na ϩ -and K ϩ -dependent adenosine triphosphatase activities in the portions of the brain that are rich in cholinergic neurons, resulting in high levels of acethylcoline. 4 A similar pathogenetic mechanism for the neurological syndrome produced by A. clavatus can be extrapolated from these experimental studies.
Degenerative and necrotic changes in selected groups of neurons from nuclei of the brainstem and neurons of the ventral horns of the spinal cord have been described in cases of A. clavatus neuromycotoxicosis. 7, [12] [13] [14] 26 Similar histological lesions were observed in the central nervous system (CNS) of the affected animals in both the spontaneous and the experimental cases reported here. A presumptive selective susceptibility of these neurons to the toxic metabolites of this fungus has been suggested. 13 In this respect, analogies can be drawn with the progressive motor neuron diseases described in several species, in which spinal motor neurons and neurons of the brain stem and peripheral ganglia are selectively affected by chromatolytic changes, e.g., grass sickness in horses. These neurodegenerative diseases are currently considered to be a primary metabolic dysfunction of the nerve cell body. 11 A similar pathogenetic mechanism can be considered to explain the chromatolytic changes observed in A. clavatus poisoning. It also has been proposed that the metabolites of A. clavatus have a selective neuro-toxic effect, causing primary axonal injury and inducing secondary myelin loss and formation of axonal spheroids and digestion chambers, with subsequent chromatolytic changes of the neurons. 7, 30 The exact pathogenesis of the neuron lesion remains to be clarified.
White matter vacuolation of the midbrain is described in a single report of A. clavatus poisoning in cattle. 14 A similar lesion was observed in the spontaneous cases of this toxicosis reported here and could be presumably due to significant loss of neurons from selective nuclei of the mesencephalon. Vacuolation of the white matter in the substantia nigra of the rostral midbrain and in the internal capsule is also a frequent finding in clinically normal adult cattle 6 and should not be mistaken for that observed in A. clavatus poisoning.
Vacuolated neurons, similar to those reported in A. clavatus poisoning, 14, 26 also are usually observed in the red and habenular nucleus of healthy cattle. 6 Spongiform change of the gray matter affecting the neuropil and neuron cell bodies also has been sporadically described in spontaneous cases of rabies in cattle. 5 In addition, these minor and nonspecific histological changes should not be confused with those observed in transmissible spongiform encephalopathies, e.g., bovine spongiform encephalopathy (BSE), in cattle and scrapie in sheep. The histologic characteristics of BSE include spongiform change in neuropil and cytoplasmic vacuolation in neurons. 1 Apart from the aforementioned histological lesions, BSE also shares many clinical similarities with A. clavatus poisoning and should, therefore, be considered in the differential diagnosis of this neuromycotoxicosis. A single case of idiopathic intracytoplasmic neuronal vacuolation not associated with transmissible spongiform encephalopathy (TSE) also has been described in a calf. 8 Tremorgenic syndromes of toxic etiology, also referred to as staggers, are well recognized in cattle. These syndromes are characterized clinically by whole-body tremors that increase with excitement, gait incoordination, falling easily, and paddling convulsions. 10, 12, 20, 27 Aspergillus clavatus poisoning in cattle is included in the group of tremorgenic syndromes affecting grazing livestock. Toxigenic strains of the fungus have the ability to produce specific neuromycotoxins called tremorgenic metabolites. 12 In the present report, however, muscular tremors were neither a prominent nor a constant clinical sign displayed by the affected cattle. Rather, the animals developed a clinical picture characterized mainly by flaccid paralysis and gait abnormalities. These clinical signs could be attributed to selective chromatolytic damage in the neurons of the ventral horns of the spinal cord. This neurological syndrome is called lower motor neuron disorder and causes partial or total flaccidity of the skeletal muscles accompanied by reduction or total loss of muscle tone or reflex. 15 Differences in the severity and variety of clinical signs in different outbreaks of disease in ruminants linked to A. clavatus-infected foodstuffs have been attributed to the presence of different types of mycotoxins produced by A. clavatus that presumably have diverse effects on the CNS of affected animals. 7, 26 The intensity and diversity of the clinical signs observed in this neuromycotoxicosis also could be related to the site and extent of damage to specific nuclei of the brainstem and neurons of the spinal cord and to the clinical course of the condition, i.e., either acute or chronic. Both factors are closely related to the amount of toxin ingested by the animal and the period of time in which the animal consumed the toxic material. 7, 13, 14, 16, 21 Hyaline degeneration and necrosis of the skeletal muscles have been described occasionally in A. clavatus poisoning and occur particularly near the insertions and origins of the larger muscle groups of the hind-and forequarters. 12, 14 Gross muscle lesions are generally more prominent in severely affected animals that show clinical signs for extended periods. 12 However, the pathogenesis of the lesion has not been completely elucidated. In the present study similar lesions were observed in the larger skeletal muscles of the medial aspect of the hind limbs and front limbs. Several pathogenetic mechanisms, 9 acting either alone or simultaneously, can be postulated to explain the muscle lesions. These include 1) isquemic necrosis caused by prolonged or permanent recumbency in cattle unable to rise owing to severe limb weakness; 2) traumatic events, i.e., muscular stretching and rupture during slips and falls when attempting to rise or while the legs are abnormally disposed; and 3) moderately vigorous, but not exhaustive, contraction of the skeletal muscles, e.g., during intense trembling. In addition, it is suggested that A. clavatus secondary metabolites probably have both neurotoxic and myotoxic effects that contribute to the occurrence of degenerative and necrotic lesions on the skeletal muscles. However, this assumption is based solely on the whole clinicopathological picture of this neuromycotoxicosis, and additional studies should be conducted on this subject. In A. clavatus mycotoxicosis, laboratory findings are consistent with muscle damage. Increased plasma aspartate transaminase and glutamate dehydrogenase activities have been described in recumbent sheep, suggesting severe muscle damage. 7 Similarly, in the outbreak reported here, increase in CK activity detected in one of the recumbent cows is in agreement with the muscular lesion.
There is no definitive treatment for A. clavatus neuromycotoxicosis. The major part of the therapy is symptomatic and includes supportive fluid therapy and administration of cardiorrespiratory tonics. 21 Most of the affected animals die spontaneously, and humane euthanasia of moribund cattle should be considered. Immediate removal of the putatively contaminated feed from the exposed animals would prevent the occurrence of new cases of the disease. 21 Strategies for prevention and control of fungal growth and mycotoxin production include choosing of high-quality, undamaged barley for the malting process in brewing industries, adequate stocking of beer residue, preventing its spoilage due to adverse environmental factors, and complete destruction of the contaminated products. 17, 21 Pretreatement of the brewery hops with hot water before giving this foodstuff to cattle has been suggested as one of the preventive measures to avoid poisoning. 16 Reports of spontaneous outbreaks of A. clavatus poisoning in ruminants are scarce, and experimental studies in this respect are also lacking. Multidisciplinary studies on the pathological, microbiological, and toxicological aspects of this neuromycotoxicosis are necessary to characterize the disease fully. Effective preventive measures for this condition rely on the knowledge of the major causative factors of the disorder and the circumstances in which it occurs.
